ABSTRACT The term "early intervention" with inhaled corticosteroids (ICS) in asthma is used in different ways, thereby causing confusion and misinterpretation of data. We propose that the term should be reserved for start of ICS therapy in patients with a diagnosis of asthma but within a short period of time after the first symptoms, not from the date of diagnosis. Prospective clinical studies suggest a time frame of 2 years for the term "early" from the onset of symptoms to starting anti-inflammatory treatment with ICS.
Introduction
Asthma continues to be poorly understood in terms of its onset, severity, development and natural course over the patient's lifetime. The onset of asthma can be at any age but there are two main, distinctive clusters: in early childhood and in adults. Both populations seem to experience a pre-asthma stage characterised by intermittent symptoms but without the major lung function variability (or reversibility with inhaled β 2 -agonists) required for the diagnosis of asthma.
In patients with diagnosed asthma, the course of disease may vary from no symptoms at all to life-threatening attacks. Asthma therapy was, at one time, aimed at symptomatic relief, using short-acting β 2 -agonists and, in severe cases, systemic glucocorticoids. The concept of asthma control was developed with an insight into the inflammatory nature of the disease and the introduction of inhaled corticosteroids (ICS). A series of clinical studies from the beginning of the 1990s indicated that ICS, when initiated early after the onset of asthma symptoms, resulted in higher prebronchodilator lung function, fewer symptoms, less use of as-needed reliever medication and overall better asthma control than if introduced later [1] [2] [3] [4] . These studies contributed to an increased early use of ICS in asthma of all severities.
This review evaluates the studies dealing with early intervention with ICS in which the duration of asthma has been well defined. We focus on studies in adult patients, as early intervention studies with ICS in infantile and childhood asthma have been recently reviewed [5] .
We also discuss "early intervention" (or rapid intervention) in patients whose asthma control deteriorates and where effective therapies are proactively introduced or increased in order to stop a full exacerbation or attack.
What is meant by early intervention?
The literature reveals considerable variation both in the meaning and use of the term "early intervention". As asthma is a chronic inflammatory disease of the lower airways, ICS therapy is recommended as the first-line therapy in all patients with persistent disease [6] . This therapy is often incorrectly referred to as early intervention, as the disease may have lasted for several years before ICS therapy is instituted [7] .
Some authors have used the term "early intervention" to mean initiation of therapy before a diagnosis of persistent asthma has been established, i.e. in children presenting with intermittent wheeze or in adults with asthma-like symptoms. These states should preferably be called "early childhood wheeze" or "pre-asthma", or "asthma-like airway inflammation", respectively, the latter when signs of airway inflammation such as sputum eosinophilia and/or increased levels of nitric oxide in exhaled air are present [8, 9] . Others have described treatment with ICS at an early age (e.g. JÓNASSON et al. [10] ). This type of treatment should be called "treatment of childhood asthma" and not mixed up with the term early intervention.
Even treatment of asthma patients presenting with mild symptoms has been referred to as early intervention studies, although the authors correctly report study results in patients with mild asthma [11] [12] [13] [14] . Still others take it to mean early in terms of line of therapy, i.e. the use of ICS therapy when an alternative, but sometimes less effective, anti-inflammatory medication may work [15] . Often, these meanings are used interchangeably or without adequate definition and this has had a profound impact on how the results of interventional trials, in terms of the value of early intervention, are viewed [7] .
Our original definition of early intervention meant treatment of patients who have relatively fresh symptoms (<2 years) regardless of the time-point of actual diagnosis [1, 2, 4, 16, 17] .
Altogether, the impetus to study early intervention was not only to gain rapid symptom control but also to explore whether asthma can be stopped from becoming a chronic and persistent disease with structural changes in the airways (remodelling) [18] . We also discuss early intervention in patients who show a symptom increase (e.g. with viral respiratory infections) and need more effective therapy to stop loss of control and, possibly, a full exacerbation.
Early intervention studies
The clinical studies in which the efficacy of early intervention with ICS has been compared with efficacy in patients with a longer duration of asthma or with placebo treatment are listed in table 1. In these studies, the duration of asthma before starting therapy with ICS in the early intervention group has been <2 years.
HAAHTELA et al. [1] treated mild-to-moderate asthma patients with duration of symptoms <1 year in a randomised double-blind 2-year study comparing early treatment of budesonide (1200 μg·day ). Budesonide was found to be significantly better in terms of most measured variables. Thereafter, in a 1-year extension study, the terbutaline-treated patients were given identical budesonide treatment as that the budesonide group DB: double-blind; R; randomised; P: placebo-controlled; pMDI: pressurised metered-dose inhaler; DSCG: disodium cromoglycate; mPEF: morning peak expiratory flow; ePEF: evening peak expiratory flow; FEV1: forced expiratory flow in 1 s; PD20: provocative dose causing a 20% fall in FEV1.
received from the beginning [2] . This allowed a comparison of efficacy between early ICS (budesonide) therapy, within 1 year after the symptom start, with identical ICS therapy delayed for 2 years. Early intervention with ICS was significantly better at improving morning and evening peak expiratory flow (PEF) rates and bronchial hyperresponsiveness than delayed therapy.
Some of the differences between the groups were still present 10 years later, although not always significantly, as patients in the delayed-therapy group had received higher doses of ICS during the follow-up [25] . In addition, at the follow-up, the delayed-therapy group had more signs of active inflammation, as indicated by higher numbers of sputum neutrophils, and higher levels of myeloperoxidase and eosinophilic cationic protein than the early-therapy group.
Non-placebo controlled studies in adults have also reported the effect of early versus delayed therapy with ICS on airway function and bronchial responsiveness [4, 16, 17] . All studies have demonstrated a significant negative correlation between duration of asthma and response to ICS in terms of prebronchodilator airway function. The best improvements in prebronchodilator lung function have been described in patients with a duration of asthma symptoms <6 months, followed by patients with symptom durations of 6-24 months. Patients with a longer symptom history show a lesser but still clinically important response. Patients treated early have also had better exercise tolerance, less use of reliever medication, less need for other asthma medications and fewer acute exacerbations than patients starting ICS therapy when asthma duration has been >2 years [16] . The cumulative dose of ICS has also been found lower with early intervention [16, 26] .
In a short-term (12 weeks), double-blind, placebo-controlled, randomised study, patients with symptoms for <12 months were compared with patients with a symptom duration >24 months (median 5.2 years, range 2-11 years) [17] . Patients in both groups were randomised to treatment with budesonide 100 or 400 μg twice daily, or placebo. All four active treatment groups showed improved airway function and fewer symptoms compared with placebo. For patients with a short duration of asthma symptoms, the low dose was not inferior in effect to the high dose. However, in patients with a longer duration of symptoms, the higher dose was significantly better than the low dose in improving airway function and bronchial hyperresponsiveness.
Two studies have compared early intervention with inhaled budesonide with placebo in patients with mild-to-moderate [19] or mild asthma [20] and with duration of asthma of <2 years. The study by OSTERMAN et al. [19] included patients with a duration of asthma <1 year; some patients may have used inhaled steroids earlier, but not within the last 3 months prior to enrolment. Compared with placebo, treatment with ICS showed significant improvements in morning PEF and reduction of bronchial hyperresponsiveness.
The START study is by far the largest double-blind, placebo-controlled study in patients with newly detected (duration <2 years), mostly mild, persistent asthma not previously treated with ICS [20] . A total of 7221 patients received budesonide (400 μg once daily, children younger than 11 years were given 200 μg once daily) or placebo in addition to other asthma medications. The number of patients completing 3 years' randomised treatment was 5155. The risk (by Kaplan-Meier estimates) of having at least one exacerbation requiring hospital admission or emergency room treatment within 3 years was reduced from 6.4% in the placebo group to 3.7% in the budesonide group. At the end of the third treatment year, 24% of the patients in the placebo group received additional ICS medication, compared with 13% in the budesonide group. Budesonide-treated patients had more symptom-free days than those on placebo. The study also demonstrated significant improvements in both pre-and postbronchodilator forced expiratory volume in 1 s (FEV1) and a reduced mean decline from baseline for postbronchodilator FEV1 at 1 and 3 years [21] .
After the 3-year double-blind period, all patients were given budesonide in an open fashion. In patients treated with placebo for 3 years, a catch-up was seen in all variables when they received budesonide, but they used more additional asthma medications compared with patients treated with budesonide from the beginning [22] . During the full 5-year period, patients with budesonide in the initial double-blind phase had a significantly lower cumulative risk (odds ratio 0.61) of having a severe asthma-related event than patients in the reference group. Postbronchodilator FEV1 decreased irrespective of randomised therapy during the double-blind phase by, on average, 2.2%.
Recent data from GA 2 LEN (Global Allergy and Asthma European Network) indicate that asthmatics have a steeper decline in postbronchodilator lung function with age compared with healthy controls [27] . Airway wall thickness was also measured in a study in 181 patients not earlier treated with ICS [28] . The patients were divided into five groups according to the duration of their asthma symptoms, which ranged from <1 to >10 years. High-resolution computed tomography images and postbronchodilator FEV1 were examined before and 1 year after treatment. Before treatment, airway wall thickness was increased relative to the duration of asthma. After ICS treatment, airway wall thickness decreased in patients with a duration of symptoms <3 years and a minor response was seen in patients with duration of symptoms from 3 to 5 years. However, there was no change in airway wall thickness in patients who had suffered asthma for >5 years. Thus, early ICS treatment may be critical to reverse airway wall thickening associated with asthma [28] .
From the reviewed data, it is not possible to state that early intervention with ICS will alter the long-term functional course of asthma [29] . It seems, however, that long-term treatment with ICS slows down the decline in FEV1 [30] . In a 10-year observational study in a general population, treatment with ICS was associated with a significantly less steep decline in FEV1 of 18 mL·year −1 compared with patients not treated with ICS. In addition, a post hoc analysis of the START study demonstrated that patients with severe asthma exacerbations had a greater decline in post-bronchodilator FEV1 when compared to those who did not have an exacerbation [23] and this effect was prevented by early ICS treatment. Thus, early ICS treatment may protect against FEV1 decline.
In terms of asthma control, which has been the core message of Global Initiative for Asthma (GINA) asthma strategies since 2006, it is clear that early intervention with ICS therapy among patients with mild-to-moderate persistent asthma is most effective. But how intensive should therapy be and are high doses better than low doses? Should therapy be continuous or intermittent, and if intermittent, how long should the treatment periods be? Strategies using intermittent treatment have been suggested both for adults [31] and for children [24] but they need further support from larger controlled studies.
Reducing or discontinuing ICS
Gradual reduction and discontinuation of ICS in patients with chronic asthma (not newly detected) have usually resulted in a loss of asthma control, an increase in bronchial hyperresponsiveness and an accelerated rate of lung function decline [32] [33] [34] [35] [36] . In some studies, however, a 50% reduction in ICS dose has been possible without loss of asthma control [37] .
There are a few controlled studies addressing the question what happens when treatment with ICS is reduced or discontinued when treatment has been started early. In the study by HAAHTELA and coworkers [1, 2] , the 2-year treatment dose, budesonide 1200 µg·day −1 ( pressurised metered-dose inhaler), was reduced for the third treatment year to 400 µg·day −1 (Turbuhaler) or replaced with placebo. The lower ICS dose was sufficient to maintain good asthma control and prevent an increase in bronchial responsiveness, whereas two-thirds of the patients using placebo started to deteriorate: one-third soon after the dose reduction and the other third more towards the end of the placebo year. There were, however, patients who seemed to be in full remission, as they did not deteriorate at all during 1 year on placebo [2] .
OSTERMAN et al. [19] followed their patients after the 1-year early-intervention treatment for another 6 months. During treatment with ICS airway function and bronchial responsiveness improved compared with placebo. During the follow-up, without ICS, the bronchial hyperresponsiveness increased by 50% but did not return back to the baseline.
Early intervention with other anti-inflammatory drugs
An alternative anti-inflammatory therapy for patients with mild-to-moderate asthma not tolerating or not willing to use ICS is a leukotriene receptor antagonist (LTRA). Meta-analyses have shown that LTRAs are consistently less effective than ICS in the treatment of asthma, both in children and adults [38, 39] . The addition of the LTRA montelukast to treatment with ICS has improved clinical end-points in patients with chronic asthma [40] and in another study the addition of montelukast to ICS resulted in the same degree of prevention from exacerbations as the addition of the long-acting β 2 -agonist (LABA) salmeterol [41] .
To the best of our knowledge, there are no studies in which the duration of asthma has been defined when treatment with a LTRA was initiated. Like in studies with ICS, the effect of LTRA also diminished if treatment was discontinued [42] .
Achieving early control
In the real-life follow-up study [25] , after a controlled 3-year trial [1, 2] , it was found that 13 years after initiating ICS therapy in patients who had had asthma symptoms for <1 year, the majority of patients had well-controlled asthma and showed normal or near-normal lung function. Those patients treated with ICS from the outset had fewer symptoms, and used lower doses of ICS and less reliever β 2 -agonists compared with those who received a β 2 -agonist for the first 2 years although not all differences between the groups were statistically significant but pointing in the same direction. Moreover, the mean annual asthma drug costs and the number of hospital days per year were lower in the group receiving ICS from the outset. These figures are in line with the START study, where patients treated early with ICS had a lower risk of a severe asthma-related event than those in the reference group, and had improved asthma control and less additional use of asthma medications [22] .
In the 13-year follow-up study, patients treated early with ICS also had fewer hospitalisations than those treated early with a β 2 -agonist [25] . The hospitalised patients had a significantly lower lung function at the follow-up examination than those without hospitalisations, indicating, again, the value of early treatment with ICS. This is in agreement with the results of the START study where severe exacerbations were associated with a more rapid decline in lung function [23] .
The early intervention with ICS was implemented nationwide in the 10-year asthma programme in Finland [43] . It focused on best clinical practice with early detection and treatment of inflammation, and the burden of asthma decreased considerably [26] . Most cost savings were achieved through reductions in emergency visits, hospitalisations, sickness allowances, disability pensions and loss of productivity. Similar experiences have been reported from Poland [44, 45] , Brazil [46] , Singapore [47] and Puerto Rico [48] despite quite different healthcare systems in these countries compared with Finland.
Well-controlled disease minimises the negative impact of asthma in daily life. This means fewer symptoms and less need for reliever medication, better airway function in the morning, and improvements in dimensions particularly relevant to children and adolescents, such as the ability to attend school or college, and to participate in physical activities and social development, and in those of greater importance to adults, such as the ability to work. The need to achieve disease control as soon as possible is recognised within current treatment guidelines, including those developed and updated in 2006-2014 by GINA.
Preventing exacerbations
Exacerbations of asthma vary in severity but the worst scenario is asthma death. Traditionally, exacerbations have been treated with increasing doses of bronchodilator drugs. However, gradually increasing symptoms and deterioration in airway function usually precede the attack for a period of 1-2 weeks [49] . This gradual deterioration in asthma control was described in detail in a study by TATTERSFIELD et al. [50] . They looked at change in PEF, symptoms and use of rescue medication during the 425 severe exacerbations that occurred during the 1-year, parallel-group study (FACET) in which low and high doses of budesonide, with and without formoterol, were compared in patients with moderate asthma. Exacerbations were characterised by a gradual fall in PEF over several days, followed by more rapid drop over 2-3 days; an increase in symptoms and rescue β 2 -agonist use occurred in parallel, and both the severity and time course of the changes were similar in all treatment groups.
Worsening of asthma is not only a gradual narrowing in airway calibre combined with an increase in symptoms but primarily, and more importantly, an increase in the underlying airway inflammation. In patients with stable asthma requiring ICS at daily doses of ⩾800 µg beclomethasone or equivalents, mild exacerbations were induced by reducing the ICS treatment to 200 µg budesonide per day [51] . The study demonstrated that an increase in the number of sputum eosinophils and an increase in exhaled nitric oxide, both being markers of airway inflammation, occurred before worsening of symptoms were reported. Therefore, maintaining asthma control during a phase of asthma deterioration and preventing exacerbations, especially at times of viral infections, requires an increase in anti-inflammatory medication in addition to more frequent use of reliever bronchodilators [52] .
Prevention of severe exacerbations is attempted by increasing the daily treatment or adding new medications. Severe exacerbations are associated with a more rapid decline in lung function and this decline can be stopped by the effective use of ICS [23] . The therapeutic strategies available have been recently reviewed [53] . These include ICS, the combination of ICS and the inhaled LABA formoterol, LTRA, and anti-IgE and anti-interleukin-5 monoclonal antibodies.
A successful strategy to avoid severe exacerbations was demonstrated in the 1-year FACET study [49] . The study evaluated asthma patients already taking moderate doses of ICS but with poorly controlled asthma. During a run-in period, all patients were treated with budesonide 1600 µg·day −1 in an attempt to achieve good asthma control. They were then randomised to a low (200 µg·day ) of budesonide with or without concomitant treatment with formoterol. Significantly fewer severe exacerbations were seen in the higher ICS dose group compared with the low-dose ICS group. The addition of formoterol on both dose levels of budesonide significantly further reduced the risk of severe exacerbations on both dose levels of ICS.
Similarly, in patients with mild persistent asthma who were not sufficiently well controlled on an ICS alone, the addition of formoterol to a low-dose budesonide significantly reduced the rate of asthma exacerbations [12] .
In the real-world setting, exacerbation rates for patients with chronic, severe asthma may not be significantly affected, even with continuous, high-intensity treatment [54] .
Increasing the dose of ICS Physicians often recommended doubling the dose of ICS but controlled clinical studies indicate that this increase in ICS dose is not sufficient to prevent the exacerbation [55] [56] [57] . However, quadrupling the dose of ICS reduced the risk of developing an acute exacerbation, at least exacerbations requiring treatment with oral corticosteroids [58] .
As early as the mid-1990s, a randomised study in Finland showed that guided self-management with patients' own adjustment of anti-inflammatory medication based on symptoms and home PEF measurements halved exacerbations and other asthma events during the study year compared with traditional therapy [59] . In these patients, doubling the ICS dose proactively was usually sufficient to prevent exacerbations. The guided self-management also resulted in reduced asthma care costs [60] . A systematic review of 36 trials found guided self-management of asthma in adults to be clearly advantageous compared with usual care, significantly improving patients' health [61] .
Introducing the ICS/LABA combination Based on the aforementioned "ICS-quadrupling dose approach", a treatment strategy was developed called "adjustable maintenance therapy with budesonide/formoterol". Patients with moderate asthma were treated with a low dose of budesonide/formoterol. If symptoms worsened, the dose of budesonide/formoterol was quadrupled for 7 days and, thereafter, reduced to the previous maintenance dose. Compared with twice as high fixed-dose maintenance therapy without adjustments, the adjustable regimen resulted in a reduced risk of exacerbations [62] [63] [64] [65] [66] .
The results of the adjustable maintenance therapy with budesonide/formoterol indicated that additional early anti-inflammatory treatment together with increasing doses of a rapid-acting bronchodilator would be beneficial. It appeared that in early exacerbations, ICS should be added to the bronchodilator given for relief of symptoms. This hypothesis could be tested with the budesonide/formoterol combination inhaler as formoterol, in addition to being long-acting, also has a rapid onset of action [67, 68] . Formoterol also exhibited a dose response in which increasing doses provided additional bronchodilating effects [68, 69] . The hypothesis was evaluated in a series of large clinical studies. These studies consistently demonstrated that the combination of budesonide/formoterol for both maintenance and as-needed therapy reduced severe exacerbations, reduced the need for reliever medication and improved lung function compared with either budesonide/formoterol or a four-fold higher dose of budesonide for maintenance therapy [70] [71] [72] [73] . The results of most these studies have recently been reviewed and summarised [52, 74] . Similar results have also been described with beclomethasone dipropionate and formoterol combination inhalers [75] . Nevertheless, a recent real-world study concluded that when applied to a broad primary care population, anti-inflammatory therapy using increased doses of ICS is as effective as adding LABAs, as measured by outcomes important to both patients and providers [76] .
It appears that early use of budesonide/formoterol as needed instead of a short-acting bronchodilator together with maintenance therapy prevents the development of acute severe exacerbations. This therapy is considered by some to be the preferred option for patients in steps 2-4 of asthma guidelines [77] . The overall principle, however, should be that at times of deterioration, the treatments should be sufficiently increased in order to avoid exacerbations. When control is achieved again, the doses should be gradually reduced to an individual maintenance level. A risk score for asthma exacerbations has been developed and this might guide the management of asthma patients [78] .
Conclusions
Once a decision has been reached to intervene with pharmacotherapy in patients with asthma, ICS should be considered as first-line therapy as they offer the most effective asthma control, reduce the risk of exacerbations and minimise the burden of the disease. Several studies have shown that early intervention with ICS in asthma, i.e. studies in which ICS therapy has been initiated when patients have had asthma symptoms for <2 years, offers effective asthma control. It reduces symptoms, improves prebronchodilator airway function, bronchial hyperresponsiveness and airway inflammation, reduces asthma exacerbations, and improves quality of life compared with a later introduction of ICS. When delivered continuously, ICS also appears to slow down the decline in lung function.
It is very difficult (and expensive) to study how effective early ICS treatment is in slowing down the lung function decline over the years in those with a more severe and persistent disease. Some researchers find this essential, if ICS is claimed to change the "natural course" of the disease. This discussion seems to be somewhat academic, if a patient would either live or die depending on whether the treatment is effective or not. Earlier and more effective anti-inflammatory management of asthma has gained remarkable results. In 1990, in Europe, 6441 patients died because of asthma, versus 1164 in 2012, i.e. 80% decrease [79] . In Finland, the number of hospital days decreased by 67% and emergency visits by 46% during the years 2000-2013. Asthma mortality in patients under the age of 60 years has been almost abolished. In 2001, 10% of the Finnish asthmatics on long-term maintenance treatment reported their asthma as severe compared to 4% 10 years later [80] . There is no question at the moment that the favourable development is due to improved anti-inflammatory therapy.
Improved detection of lower airway inflammation in patients with symptoms suggestive asthma but with normal lung function may provide rationale for ICS treatment periods even earlier in the course of disease [81] . However, there are no studies to show that this strategy would stop asthma development.
The key issue to reduce the public health burden of asthma is to stop the increasing symptoms and exacerbations as early as possible. That can be achieved by promoting patient education and guided self-management by which patients start or increase their medication proactively according to professional advice by a trained nurse or a doctor. It seems that treatment of developing exacerbations with early administration of an ICS/LABA combination provides better prevention from severe exacerbations than higher doses of ICS with a short-acting bronchodilator used as needed.
